Executive function is a broad construct that encompasses various processes involved in goal-directed behaviour in non-routine situations (Banich, 2009 ). The present study uses a sample of 560 5-to 16-year-old twin pairs (M = 11.14, SD = 2.53): 219 monozygotic twin pairs (114 female; 105 male) and 341 dizygotic twin pairs (136 female, 107 male; 98 opposite sex) to extend prior literature by providing information about the factor structure and the genetic and environmental architecture of the Behavior Rating Inventory of Executive Function (BRIEF; Gioia et al., 2000, Child Neuropsychol., 6, 235; Gioia et al., 2000, Behavior rating inventory of executive function, Lutz, FL: Psychological Assessment Resources), a multifaceted rating scale of everyday executive functions. Phenotypic results revealed a 9-scale, 3-factor model best represents the BRIEF structure within the current sample. Results of the genetically sensitive analyses indicated the presence of rater bias/contrast effects for the Initiate, Working Memory, and TaskMonitor scales. Additive genetic and non-shared environmental influences were present for the Initiate, Plan/Organize, Organization of Materials, Shift, and Monitor and SelfMonitor scales. Influences on Emotional Control were solely environmental. Interestingly, the aetiological architecture observed was similar to that of performance-based measures of executive function. This observed similarity provided additional evidence for the usefulness of the BRIEF as a measure of 'everyday' executive function.
contribute to individual differences in certain facets of executive functioning. This study extends prior literature by providing information about the genetic and environmental architecture of the Behavior Rating Inventory of Executive Function (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000a,b) , a multifaceted measure of executive functioning that is gaining popularity in clinical and research settings.
Executive functioning encompasses processes that begin to develop in childhood and continue through late adolescence (Anderson, 2002) . Anderson (2002) noted that the assessment of executive functioning in children should be developmentally appropriate but also ecologically valid. Much of the literature on executive functioning has focused on performance-based tasks in which a facet (e.g., response inhibition) is assessed directly through a laboratory analogue task (e.g., using a computer to present letters on a screen and asking a child to press or not press a keyboard key based on given conditions). Although there are clear advantages to such measures in that they can be designed to closely map onto a particular facet of executive functioning in a developmentally sensitive way, performance-based measures often lack ecological validity (Anderson, 2002) . In contrast, the BRIEF was designed to measure 'everyday' executive functioning by asking caregivers or teachers to rate children (age 5-18) on behaviour that occurs in home and/or school settings (e.g., interrupts, fails to organize work; Gioia et al., 2000a) . Its format provides an advantage for large-scale studies in which measures of executive functioning are needed, but laboratory visits are prohibitive for assessment. In addition to the BRIEF, multiple rating scales for measuring executive functioning have been developed such as the Childhood Executive Functioning Inventory (CHEXI; Thorell & Nyberg, 2008) and the Children's Behavior Questionnaire (CBQ; Rothbart, Ahadi, Hershey, & Fisher, 2001 ). These scales also show supporting evidence as reliable and valid measures of executive functioning skills in young children; however, they are limited in comparison with the BRIEF in the age range that they have been determined to reliably measure and the depth and breadth of executive functioning skills in which they are able to assess. Therefore, the BRIEF is more suited to assess a wider range of executive functioning skills within the broad age range of the current sample.
The scale and factor structures of the BRIEF have been examined in several previous investigations using both clinical and non-clinical samples; however, there are inconsistencies among the findings. As originally conceptualized, the BRIEF is comprised of eight facet scales that combine to form two theoretically derived index scales and a global index scale (Gioia et al., 2000a,b) . The Behavioral Regulation Index (BRI) is the sum of the Inhibit (stopping a response), Shift (enacting and accepting change), and Emotional Control (controlling emotions) scale scores. The Metacognition Index (MI) is the sum of the remaining facet scores: Initiate (getting started on a task without supervision), Working Memory (remembering things), Plan/Organize (planning and organizing behaviour and thoughts), Organization of Materials (messiness in various settings and situations), and Monitor (monitoring behaviour). The Global Executive Composite is the sum of all eight facet scale scores. The BRIEF manual presents data showing concurrent and discriminant validity of the scales (Gioia et al., 2000b) . Other published studies have shown that the BRIEF differentiates children with ADHD (Gioia, Isquith, Kenworthy, & Barton, 2002; Mahone et al., 2002; McAuley, Chen, Goos, Schachar, & Crosbie, 2010) , reading disability (Gioia, Isquith, Kenworthy, et al., 2002) , autistic spectrum disorder (Gioia, Isquith, Kenworthy, et al., 2002) , and severe traumatic brain injury (Gioia, Isquith, Kenworthy, et al., 2002) from controls. There is also evidence that the BRIEF is a better predictor of ADHD status than performance-based measures like the stop-signal task (Toplak, Bucciarelli, Jain, & Tannock, 2008) . Thus, the BRIEF appears to provide an assessment of multiple facets of executive functioning in children and has predictive value in discriminating those with and without disorders that are marked by executive functioning deficits such as ADHD. However, questions remain about the factor structure of the BRIEF that should be addressed to enhance confidence in and utility of the measure.
The factor structure of the BRIEF has been examined primarily in clinical samples. In the first of these studies (Gioia, Isquith, Retzlaff, & Espy, 2002) , the authors of the measure used parent-rated data from a sample of 374 children aged 5-18 years with ADHD, learning disorder, autism spectrum disorder, Tourette's, or seizure disorder to conduct a confirmatory factor analysis (CFA) not of the original 8-scale, 2-factor model they outlined in the manual but rather a model in which the Monitor scale was separated into TaskMonitor and Self-Monitor based on their earlier re-analysis of that scale. They found that a 3-factor model provided the best fit: Metacognition (Initiate, Working Memory, Plan/ Organize, Organization of Materials, and Task-Monitor); Emotional Regulation (Shift, Emotional Control); and Behavioral Regulation (Self-Monitor; Inhibit). Egeland and Fallmyr (2010) compared the original 8-scale model to the 9-scale model in a Norwegian sample of 158 9-to 11-year-olds drawn from clinical referrals or schools and concluded that the 3-factor model fit best for parent-and teacher-rated data; however, the fit indices suggested that all models tested provided similar fit. In an even smaller study of 80 children with epilepsy, Slick, Lautzenhiser, Sherman, and Eyrl (2006) conducted an exploratory factor analysis using parent-rated data and concluded that the original 8-scale, 2-factor model was supported, but the results appeared to support a unitary factor model as well. Donders, DenBraber, and Vos (2010) also found support for the original 2-factor model using exploratory factor analysis on data from a sample of 100 parents rating their child with a traumatic brain injury. Studies using clinical samples have failed to converge on a clear factor solution for the BRIEF, and the authors of the measure called for studies in nonclinical samples (Gioia, Isquith, Retzlaff, et al., 2002) which could provide greater power but also identify differences between clinical and normally developing children.
The only published study found on the factor structure of the BRIEF in a non-clinical sample was conducted with parents of 847 Dutch children aged 5-18 years (Huizinga & Smidts, 2010) . The BRIEF was administered twice within a 6-week interval, and the data were divided into four age bands to assess age-related differences in executive functioning. Huizinga and Smidts examined only the original 8-scale, 2-factor model and it fits the data across all four age bands. Notably, this study also provided confirmatory evidence of the internal consistency of the BRIEF scales (all above .77) as well as evidence of the reliability of the parent-rated scale scores with most test-retest correlations in the .8-.9 range (Working Memory was lowest but still good at .73). The Huizinga and Smidts study provided confidence in the original structure outlined for the BRIEF but failed to offer a comparison to the revised 9-scale, 3-factor structure identified by the authors of the measure (Gioia, Isquith, Retzlaff, et al., 2002) . Further clarification of the underlying factor structure of the BRIEF can provide evidence for whether the theoretical constructs represented can be meaningfully separated into one or multiple areas of executive functioning. Evidence supporting a 3-factor model as the best-fitting model will support existing theories of executive functioning as a multifaceted construct (Lehto, Juuj€ arvi, Kooistra, & Pulkkinen, 2003; Rabbitt, Lowe, & Shilling, 2001) . If executive functioning can be conceptualized as multifaceted, as suggested by the 3-factor model, this has important implications for understanding the cognitive operations and behaviours associated with underlying executive functioning skills as well as treatment planning for disorders influenced by deficits within specific subfacets of executive functioning. This study will fill the gap in the literature using CFA to compare the original (8-scale) and the revised (9-scale) models in a large non-clinical sample in order to help clarify the factor structure of the BRIEF.
While the factor structure of the BRIEF lacks clarity based on the extant literature, the aetiological architecture of the measure is completely unknown. Twin studies provide a means of estimating genetic and environmental influence on a behaviour or trait by comparing the similarity of monozygotic (MZ) or identical and dizygotic (DZ) or fraternal twins which differ naturally in their proportion of shared genes with MZ twins sharing all copies of their genes and DZ twins sharing, on average, 50% of segregating genes. Such samples are used to estimate the amount of the variation in a behaviour or trait that is associated with latent factors representing additive genetic effects (A) that serve to make biologically related people similar, shared environmental effects (C) that serve to increase similarity among people who share an environment, and non-shared environmental effects (E) that serve to differentiate people from one another. Non-additive genetic effects such as dominance (D) can also be estimated and they represent influences of particular combinations of genes. Although genetically informative studies using twin pairs have not yet been conducted on the BRIEF, they have been used to examine performance-based measures of executive functioning.
Twin studies of performance-based measures of executive functioning suggest that additive genetic influence is substantial for many (Anokhin, Heath, & Ralano, 2003; Friedman et al., 2008; Lee et al., 2012; Polderman et al., 2006; Taylor, 2007; Vasilopoulos et al., 2012) although not all (i.e., Wisconsin Card Sorting Test; Kremen, Eisen, Tsuang, & Lyons, 2007; Taylor, 2007) . Two studies found support for a common pathway aetiological model in which a common additive genetic factor accounted for a significant amount of the genetic influence on multiple executive functioning tests (Friedman et al., 2008; Lee et al., 2012) , indicating that individual differences in various facets of executive functioning stem from the same genetic factors. None of the prior studies found evidence of shared environmental influences on performance-based measures of executive functioning and, instead, all found evidence of non-shared environment. Thus, the literature on the aetiological influences underlying performance-based measures of executive functioning shows that most are influenced by additive genetic and non-shared environmental factors. No prior study has addressed the question of aetiological influences on the BRIEF, and the present study will fill this gap in the literature using parent-rated data on a large sample of twins.
The BRIEF provides an assessment of everyday executive behaviours (Gioia et al., 2000a) and it is used in research and clinical settings. Few studies have examined the factor structure of the BRIEF, and only one study (Huizinga & Smidts, 2010) has done so in a non-clinical sample, but that study examined only the original 8-scale, 2-factor structure, and results from clinical samples suggest that a 9-scale, 3-factor structure may be more appropriate (Gioia, Isquith, Retzlaff, et al., 2002) . The first aim of this study was to compare the original 8-scale structure of the BRIEF to the revised 9-scale structure in 1-, 2-, and 3-factor models in a large non-clinical sample of children. This will provide an empirical test of all of the previously investigated structures from clinical and non-clinical samples. It is hypothesized that both the 2-and 3-factor structures will fit the data better than a 1-factor model based on prior factor analytic work on the BRIEF. However, the mixed results in the prior literature did not allow predictions about the relative performance of the multifactor models to be made with confidence. The second aim of this study was to take advantage of the genetically informative nature of the sample and conduct an initial examination of the aetiological architecture of the BRIEF.
Method
Participants Twins for this study were recruited through the Florida State Twin Registry (Taylor, Hart, Mikolajewski, & Schatschneider, 2013; Taylor, James, Reeves, Bobadilla, 2006) as participants for the Florida Twin Project on Reading (Taylor & Schatschneider, 2010) . The project utilizes achievement data from the Progress Monitoring and Reporting Network, a statewide educational database, as well as data ascertained through packets sent to the families during the 2012 calendar year. These packets included a letter about the study, consent and assent forms, a parent questionnaire, child questionnaires (for twins age 9 and older), and a five-question assessment of zygosity (Lykken, Bouchard, McGue, & Tellegen, 1990) for families who were new to the Registry.
Families that were already part of the Registry received a study packet directly through the mail. Potential new families with twins in kindergarten through third grade were recruited by sending packets home through schools following the approach used previously (Taylor & Schatschneider, 2010) . Of the 3,343 packets sent out, 568 families participated, 106 refused, 2,334 did not respond, and 335 were not reached either because they had moved and could not be located, the school principal refused to participate (i.e., packets were not sent home with potential new twins), or the children were not twins. Three families did not report zygosity information and were not included in the analyses. An additional five families were excluded because the parent rating of the BRIEF was invalid based on scoring criteria in the manual. The final sample included 560 5-to 16-year-old twin pairs (M = 11.14, SD = 2.53). Table 1 presents the age distribution of the sample. Of the twin pairs, 219 were MZ (114 female; 105 male) and 341 were DZ (136 female, 107 male; 98 opposite sex). Parentreported racial composition of the sample was 72% White, 13% African American, 8% mixed race, 2% Asian, 4% other, and 1% did not provide information on race. Ethnic composition for this sample was 28% Hispanic and 69% non-Hispanic, with 3% failing to report ethnicity. Parents reported household income on a scale ranging from 1 = less than $10,000 to 12 = $210,000 or more. The mean self-reported household income for the sample was 4.88 (SD = 2.83), which corresponds roughly to the '$70,000-$89,000' option. Procedure and measure Instructions sent with a packet of questionnaires asked that they be completed by a rearing parent or legal guardian of the twins who knew them well (in most cases, the biological mother completed the questionnaires). The parent packet was organized such that all measures were rated on a designated member of the twin pair, and then, a second copy of the measures was rated on the co-twin. This was intended to help decrease similarity or contrast effects that can occur when twins are rated simultaneously and by a single rater as with the questionnaires in the present sample. Parents returned the completed consent form, assent forms, and questionnaire packet in a prepaid envelope, and then, they were sent a gift card to a retailer of their choice.
Behaviour Rating Inventory of Executive Function -parent form
The BRIEF (Gioia et al., 2000b ) is comprised of 86 items assessing behaviours exhibited by the child in the past 6 months. All items are rated on a 3-point scale (1 = Never, 2 = Sometimes, 3 = Often), and items are worded in the pathological direction such that higher scores indicate more problems in an area. The BRIEF manual outlines eight clinical scales, two index scales, and one composite index scale (Gioia et al., 2000b) . The clinical scales include the Inhibit scale (10 items) that measures problems resisting impulses. The Shift scale (eight items) measures problems in flexibly changing behaviour and making transitions. The Emotional Control scale (10 items) assesses problems modulating emotional reactions. The Initiate scale (eight items) assesses problems starting tasks and identifying strategies or responses. The Working Memory scale (10 items) measures problems storing information with the purpose of completing a task. The Plan/Organize scale (12 items) measures problems planning for future events, setting goals, and developing strategies. The Organization of Materials scale (six items) measures problems related to orderliness of work, play, and storage spaces. The final clinical scale, Monitor (eight items), measures problems related to work-checking habits such as failing to check work after completing it. Sum scores were computed for each scale. Previous research with the BRIEF has demonstrated strong psychometric properties including high internal consistency (a = .80-.98) and good test-retest reliability over a 2-week period (r = .81). In the current investigation, the clinical scales showed good internal consistency (alpha reliability ranged from .83 to .93). Following the procedure in prior factor analytic studies (Gioia, Isquith, Retzlaff, et al., 2002; Huizinga & Smidts, 2010) , raw rather than standard scale scores were used in analyses. Huizinga and Smidts (2010) found age effects on the BRIEF scales, but the present sample was not large enough to create similar age bands. Moreover, the present sample of twins was also used to examine genetic and environmental influences on the BRIEF, and estimates of these influences can be biased when twin pairs of varying ages are used. As such, the raw scale data were corrected for age as outlined by McGue and Bouchard (1984) by regressing age and age-squared onto each variable, and those age-corrected scores were used in all analyses.
Analyses
To address the first aim of the study, six CFA models were fit to BRIEF scale data using the ML estimator in Mplus 7.11 (Muth en & Muth en, 1998 . Three models utilized the original eight scales from the BRIEF: A 1-factor model with all eight scales as indicators; the original 2-factor model as described in the introduction above; and a novel 3-factor model designed to mirror the 3-factor solution obtained by Gioia, Isquith, Retzlaff, et al. (2002) . Specifically, the 8-scale, 3-factor model included: Metacognition (Initiate, Working Memory, Plan/Organize, Organization of Materials, and Monitor as indicators), Emotional Regulation (Shift, Emotional Control as indicators), and Behavioral Regulation (with Inhibit as the sole indicator modelled as a latent variable using (1Àscale reliability) *scale variance in specifying a known amount of measurement error as outlined by Bollen (1989) . Using a single indicator prevents identification of the model because it does not allow the unique variance for this indicator to be estimated. Bollen's method fixes the unique variance, allowing the latent variable to be specified and the model identified when only one indicator is available. The other three CFA models utilized the 9-scale scoring of the BRIEF in which the Monitor scale is scored as two scales (Task-Monitor and Self-Monitor). The 1-factor model included all nine scales as indicators. A novel 9-scale, 2-factor model was designed to test the original two factors for the BRIEF and included Behavioral Regulation (Inhibit, Shift, Emotional Control, Self-Monitor) and Metacognition (Initiate, Working Memory, Plan/Organize, Organization of Materials, and Task-Monitor). Finally, the 9-scale, 3-factor solution obtained by Gioia, Isquith, Retzlaff, et al. (2002) and described in the introduction above was modelled. The fit of each model was evaluated using multiple criteria: The chi-square statistic, Akaike's information criterion (AIC; Akaike, 1987) , the root mean square of approximation (RMSEA), and Bentler's Comparative Fit Index (CFI; Hu & Bentler, 1999) . Chi-square values closest to the degrees of freedom indicate a better fitting model. Akaike's information criterion is a modified version of chi-square (taking into account model complexity); thus, with both chi-square and AIC indices, lower values indicate a better fitting model. Values of the CFI above .95 indicate close model fit, whereas, for the RMSEA, values <.08 indicate adequate model fit (Browne & Cudeck, 1993) .
To address the second aim of the study, intraclass correlations were calculated by zygosity for all BRIEF scales using the age-corrected scores. Given that MZ twins share 100% of their segregating genes and DZ twins share, on average, 50% of their segregating genes, twin intraclass correlations indicate the within-pair similarity and offer a simple means of inferring genetic and environmental influence. When the MZ correlation is twice the magnitude of the DZ correlation, then additive genetic (A) effects are inferred. If the MZ correlation is more than twice the magnitude of the DZ correlation, then dominance genetic (D) effects are inferred. When the MZ correlation is less than twice the magnitude of the DZ correlation, then shared environmental (C) effects are inferred. Finally, nonshared environment (E) is inferred when the MZ correlation is <1. Note that the E estimate also includes measurement error.
The inclusion of opposite-sex DZ twins allowed for an evaluation of sex differences in the aetiological factors associated with BRIEF scales. When the opposite-sex DZ correlation is less than the average of the same-sex DZ correlations, then qualitative sex differences may exist such that different aetiological factors affect individual differences in boys and girls on the trait. Quantitative sex differences may exist if the same-sex DZ correlations differ in magnitude between males and females.
In addition to sex differences, rater bias and sibling interaction may influence estimates of genetic influence through their effect on the DZ correlation. Genetic influence is estimated when the DZ correlation is lowered relative to the MZ correlation. This can occur through negative sibling interaction in which siblings differentiate from one another by behaving in opposing ways on a trait. Rater bias in the form of contrasting the behaviour of twins based on their perceived zygosity also serves to lower the DZ correlation. Rater bias and negative sibling interaction may produce what appear to be D effects. Positive sibling interaction wherein siblings cooperate on a behaviour serves to increase the DZ correlation, which will result in the appearance of C effects. Previous behavioural genetic studies have found evidence for the presence of rater bias and/or contrast effects when using survey-based measures of behaviour (i.e., ADHD) that rely on parent report (Eaves et al., 1997; Ebejer et al., 2015; Merwood et al., 2013; Nadder, Silberg, Eaves, Maes, & Meyer, 1998; Simonoff et al., 1998) ; therefore, when examining the aetiology of survey-based measures of behaviour, it is important to test for potential presence of rater bias or contrast effects that may lead to over-or underestimating genetic influences. Contrast effects act in the same manner as dominance genetic influences; therefore, they cannot be estimated in the same model where C is estimated. Evidence for negative sibling interaction or rater effects in ADHD and other behaviours related to executive functioning have been found within previous literature, suggesting that the MZ correlations >2 times the DZ correlations found in the current sample may represent either dominance genetic influences or potential rater bias/sibling interaction. As no previous evidence exists for the presence of sibling cooperation effects for these related behaviours, the b parameter was not estimated in models including C.
The twin correlations provide insights into which biometric models to fit to the data in order to obtain robust estimates of genetic and environmental influences. Phenotypic variance (V P ) in a trait or behaviour is comprised of the variance (V) among the aforementioned aetiological components: Additive genetic (A), shared environmental (C), dominance genetic (D), and non-shared environmental (E) influences.
However, twin data are not sufficient to model C and D effects simultaneously and, therefore, separate models are needed (A + C + E or A + D + E). Biometric models are specified by supplying the expected covariance among twins as follows (where D is fixed to zero when fitting the ACE model and C is fixed to zero when fitting the ADE model):
With data from only one rater (as in the present study), it is not possible to differentiate rater bias from negative sibling interaction. However, it is possible to estimate a rater bias/ sibling interaction parameter, b, in structural equation models by specifying a reciprocal path between the observed phenotypes within pairs (see Figure 1) . The b parameter is estimated from the differences between the total variance of MZ and DZ twins, and with sibling interaction/rater bias effects, the b parameter represents the influence of one twin's phenotype on the other or one parent's rating of one twin on their rating of the other (Simonoff et al., 1998) . Sibling interaction or rater bias is inferred from significant negative values of b, where the influence of one twin or rating leads to behaviours or ratings in the opposite direction for the co-twin. Positive interaction or sibling cooperation is inferred from positive values, where the influence of one twin leads to more behaviours in the same direction as their co-twin. Models were fit to age-corrected scale data using full information maximum-likelihood estimation in Mx (Neale, Boker, Xie, & Maes, 2006) . These models produce estimates of the standardized variance for each parameter with 95% confidence intervals (CIs) that indicate significance when they do not include zero.
In addition to the univariate models for each individual BRIEF scale, a model can be fit that estimates A, C, and E (or A, D, and E) on the latent factors from the CFA models. As outlined below, the results from the twin correlations and univariate models suggested the presence of C on some scales and the presence of D (or rater bias/sibling interaction) on others -some of which were part of the same latent factor in the CFA models (i.e., Behavioral Regulation, Emotional Regulation, and Metacognition). As noted above, twin data are not sufficient to estimate C and D effects simultaneously and, as such, the present study provides data on the aetiology of only the individual scales of the BRIEF (i.e., Shift, Inhibit, Emotional Control).
Results
Prior to any analyses, distributions of the scales were examined and checked for outliers. Outliers for each scale were removed by assigning missing values to scores above or below three standard deviations from the mean. None of the distributions required transformation.
Factor structure of the BRIEF The upper part of Table 2 presents a summary of the six CFA models that were fit to agecorrected scale scores. If the three executive functions suggested by the 3-factor model are separate constructs from each other, then the 3-factor models should provide the best model fit to the data. Furthermore, if the original Monitor subscale is better represented as two distinguishable constructs of task-and self-monitoring, then the 9-scale models should provide a better fit to the data than the 8-scale models. As hypothesized, the 2-and 3-factor structures fit the data better than a 1-factor model as indicated by significant chisquare difference tests, lower AIC and RMSEA values, and higher CFI values for the multifactor models. The 9-scale, 3-factor model was deemed the best-fitting model based on multiple goodness-of-fit indicators. As shown in Table 1 , between the 8-and 9-scale models, the chi-square statistic was low and close to the degrees of freedom for these models. Although the chi-square difference test was not significant between the 8-scale, 3-factor and the 9-scale, 3-factor models, the 9-scale, 3-factor model was chosen as the best representation of the data based on its parsimony and the values of additional fit statistics. Within the 9-scale models, both the 2-and 3-factor models showed significantly better fit to the data based on chi-square difference tests. The 3-factor model showed the best fit to the data based on the lowest AIC value, a CFI estimate of above .95 and RMSEA closest to, but not lower than, .08. The 9-scale, 3-factor model is presented in Figure 2 .
Means and SDs for each BRIEF scale, as suggested by the CFA model results, are provided in Table 3 . To allow comparisons with findings in the literature, raw scale scores are presented. In addition, the original Monitor scale and the separate Task-Monitor and Self-Monitor scales are included to provide maximal information about the BRIEF in the present sample. Means and standard deviations for males and females were largely comparable to those of the normative sample for the BRIEF (10.38-19.53; Gioia et al., 2000b) and the Dutch community sample used by Huizinga and Smidts (2010; 12.6-21 .7), although some scale means were somewhat lower for the present sample. This suggests that twins are fairly representative of the general population (an assumption in twin research) with regard to BRIEF scales. Huizinga and Smidts (2010) found gender differences in the factor scores of the BRIEF. As such, gender differences on the scales were examined in the present sample using independent samples t-test and Levene's test for equality of variances. To avoid inflated sample size and to meet the assumption of independent observations, one twin was randomly selected from each pair for the analysis.
1 Table 4 presents the comparisons (df) = chi-square and degrees of freedom difference between the 1-factor model and the model shown in the row. Baseline model = fully unconstrained model. Model 1 = factor loadings constrained to be equal across gender groups. Model 2 = factor variances and covariances constrained to be equal across gender groups. Best-fitting models are in bold type. *p < .05. using age-corrected scale scores. The majority of scales showed a mean and/or variance difference with males having more problems in a given area and/or greater variability. Based on these findings, the presence of measurement invariance across genders was examined for using the original best-fitting CFA model. The 9-scale, 3-factor model was examined for gender differences in its structure by first fitting a baseline model with factor loadings free to vary across gender. That model was compared to one that constrained the factor loadings to be equal across gender (Model 1). Next, stricter forms of invariance were assessed by constraining factor variances and covariances across genders (Model 2). A comparison of model fit indices revealed no significant difference in model fit between the baseline model and model 1, Dv 2 (6) = 11.00, p > .05, or 2, Dv 2 (6) = 4.46, p > .05, suggesting the BRIEF constructs were not functioning differently across genders.
Genetic and environmental influence on the BRIEF An important assumption in twin research is that MZ and DZ twins have equally similar environments which allows for increased MZ similarity, when present, to be attributed to genetic factors rather than to more similar treatment in the environment. To check this assumption, means and variances of MZ and DZ twins were compared for each scale within each sex using the same procedure outlined above in testing for gender differences (on the same subsample). As can be seen in Table 5 , there were no mean differences and only three variance differences between MZ and DZ twins (all among females), indicating that the equal environments assumption likely holds for BRIEF scales. However, these variance differences could also signal rater bias/sibling interaction effects which can mask as C or D effects; therefore, their presence is explored within the present analyses, as well.
Given the mean gender differences found for the BRIEF scales, twin correlations were calculated by gender and are presented in Table 6 . The significance of each correlation is shown along with the z-test comparing the MZ and DZ correlations within gender. Several scales (Shift, Emotional Control, Monitor, and Self-Monitor) showed a pattern of correlations suggestive of C influences for both genders, indicated by MZ correlations <2 times DZ correlations for these scales. Emotional Control showed no difference in correlation magnitudes across zygosity for either gender indicating no genetic influence for that scale. All other scales (except Shift for boys and Emotional Control) evidenced significantly greater MZ than DZ correlations, indicating genetic influence. Task-Monitor showed a pattern of correlations suggestive of D influences for both genders, indicated by MZ correlations >2 times correlations for DZ twins. The remaining scales showed inconsistent patterns across gender. The opposite-sex DZ correlation was lower than the N refers to the number of individuals in the sample. One randomly selected twin from each pair was excluded from these analyses. Opposite-sex twins were also excluded from these analyses. *p < .05, **p < .01, ***p < .001.
average same-sex DZ correlation for all scales, suggesting the possibility of sex-specific effects of genes or environment. Moreover, two of the female DZ correlations were nonsignificant and near zero, suggesting negative sibling interaction or rater bias. Biometric models included tests of sex limitation for scales in which the same model was fit across gender. Rater bias/sibling contrast effects were estimated for all scales in which D influences were indicated. The biometric model-fitting results are summarized in Table 7 . For these analyses, opposite-sex twins were ordered with males as twin 1 and females as twin 2. For scales in Note. Organize Materials = Organization of Materials; BRIEF = Behavior Rating Inventory of Executive Function; MZ = monozygotic; DZ = dizygotic. N refers to the number of individuals in the sample. One randomly selected twin from each pair was excluded from these analyses. Opposite-sex twins were also excluded from these analyses. *p < .05, ***p < .001.
which dominance genetic influences or rater bias/sibling interaction were indicated by the intraclass correlations, a model estimating additive genetic, dominance genetic, nonshared environmental, and rater bias/sibling interaction influences (ADE-B) was first fitted to the data. Next, submodels were compared to the ADE-B model using chi-square difference tests. First, a submodel in which the b estimate was dropped (ADE) was compared to the original ADE-B model; then, a model in which the d estimate was dropped (AE-B) was compared to the original model; and finally, a submodel in which both d and b estimates were dropped (AE) was compared to the AE-B model. For scales in which shared environmental influences were indicated by the intraclass correlations, an initial model including estimates of additive genetic, shared environmental, and non-shared environmental influences (ACE) was fitted to the data; then, two submodels (AE and CE) were fitted and compared using chi-square difference tests to the parent ACE model. Model fit estimates, and parameter estimates for additive genetic (a), dominance genetic (d), shared environmental (c), non-shared environmental, (e) and rater bias/sibling interacts (b) with confidence intervals were listed in columns 2-9 for each model and submodel tested within all scales of the BRIEF. Chi-square difference tests with degrees of freedom comparing constrained and unconstrained models across gender and within scale are presented in column 10. When the unconstrained model was the better fitting model, indicating potential gender differences, parameter estimates were indicated for both genders. Column 11 presents the chi-square difference tests between models and submodels for each scale. Results indicated significant and moderate (.34-.73) genetic effects for all scales except Emotional Control and smaller (most around .30) but significant environmental effects for all scales. Significant, negative b parameters were Note. Organize Materials = Organization of Materials; MZ = monozygotic; DZ = dizygotic. N refers to the number of twin pairs. Correlations were tested for significance from 0 and, within gender, for difference between MZ and DZ twins using a z-test. *p < .05, **p < .01, ***p < .001. 
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Factors and aetiology of the BRIEF 267 estimated for females, but not males on the Inhibit, Task-Monitor, Organize, and Working Memory scales (À.18 to À.22), indicating negative sibling interaction or rater bias. Additionally, D estimates for these scales were low and non-significant for both genders (.00-.18), and dropping D from the models did not result in significantly poorer model fit.
An AE-B model was indicated as the best-fitting model for Inhibit, Working Memory, and Task-Monitor for females and males. Tests of heterogeneity for these subscales revealed significant chi-square differences when all parameters were constrained across genders. When Monitor was scored as a single scale, the twin correlations suggested an AE model would fit for both genders. Similarly, the Plan/Organize, Self-Monitor, Initiate, Shift, and Organization of Materials scales were associated with A and E effects for both boys and girls. Tests of heterogeneity for the Organize scale indicated no significant reduction in model fit when estimates were constrained across gender, suggesting no gender differences were present for this scale. Finally, Emotional Control was the only scale to show significant C and non-significant A effects and this pattern of influences was present for both genders.
Discussion
The BRIEF is a measure of everyday executive functioning that is multifactorial in design and captures a wide spectrum of behaviour from planning and organization to working memory to emotional control. As such, the BRIEF has the potential to provide a means of assessing a full range of executive functioning in clinical and non-clinical samples alike. The present study used a genetically informative community sample of twins to address the inconsistency in the literature on the factor structure of the BRIEF and to provide initial data on the extent to which variance in individual BRIEF scale scores is associated with genetic and environmental factors. Prior studies of the factor structure of the BRIEF come primarily from clinical samples using exploratory factor analysis. The only published study using a non-clinical sample and CFA methodology examined just the original 8-scale, 2-factor solution and found that it fits the data for multiple age groups within their sample (Huizinga & Smidts, 2010) . The present findings extend the literature by showing that the 9-scale, 3-factor structure derived empirically in a clinical sample (Gioia, Isquith, Retzlaff, et al., 2002) provided a better fit than the original 8-scale, 2-factor structure, unitary structure, and even a novel structure (8-scale, 3-factor) in a community sample. The examination of 1-, 2-, and 3-factor structures for both the 8-and 9-scale scoring of the BRIEF demonstrated that the BRIEF is clearly multifactorial and, indeed, the 3-factor structures fit the data best whether the 8-or 9-scale scoring was employed. Thus, it appears important to distinguish a Behavioral Regulation from an Emotional Regulation factor whether using the original 8 scales of the BRIEF or the 9-scale scoring in which Monitor is separated into Self-and Task components.
It is not certain that findings from non-clinical samples should correspond closely to those from clinical samples given that the severity and nature of executive functioning problems is greater in the latter and could produce a different structure. With this caveat in mind, it is notable that the results of this study are consistent with those of the only other investigation that compared the original 8-scale, 2-factor model to the 9-scale, 3-factor model in a mixed clinic-referred and non-clinical sample (Egeland & Fallmyr, 2010) . That study used parent-and teacher-rated data and the 9-scale, 3-factor model was favoured for each. When taken together with the CFA results of Gioia, Isquith, Retzlaff, et al. (2002) using parent-rated data on a clinical sample, it appears that the structure of the BRIEF -whether rated by teachers or parents on children from the community or referred by clinics -is best characterized by 9-scales forming 3-factors: Behavioral Regulation, Emotional Regulation, and Metacognition. Moreover, the present study provides evidence that this structure is invariant across gender despite the fact that boys show significantly higher means on some BRIEF scales as compared to girls in this and other samples (Gioia et al., 2000b; Huizinga & Smidts, 2010) .
The presence of gender differences was not evident in the structure of the BRIEF, and results of further investigation of gender-specific aetiological architectures for BRIEF scales were consistent with these findings. For all scales, the same models could be fitted for males and females with some differences between significance for parameter estimates (i.e., estimates significant for females, but not males). Inhibit and Working Memory are the two BRIEF scales that are most closely related to features of ADHD (Gioia et al., 2000b) , which often indicates strong genetic influence in the literature (Nikolas & Burt, 2010; Rietveld, Hudziak, Bartels, Van Beijsterveldt, & Boomsma, 2003) . Inhibit and Working Memory scales indicated the presence of additive genetic influences as well as specific environmental influences and contrast effects or rater bias, consistent with findings from ADHD literature (Ebejer et al., 2015; Nadder et al., 1998; Simonoff et al., 1998) . Additionally, the Task-Monitor scale, which includes items such as checking homework that could be influenced by ADHD behaviours (Power, Werba, Watkins, Angelucci, & Eiraldi, 2006) , also showed the presence of contrast effects or rater bias. Although the AE-B model was the best-fitting model for both genders for these scales, the contrast effect/rater bias parameter was significant only for female twins. Because only one rater was used in the current study, it was not possible to determine whether these influences were due to rater bias or contrast effects and, therefore, beyond the current scope to suggest potential causes of these gender differences. Parent surveys were organized such that the rating parent filled out all items of the BRIEF for one twin, then again for the co-twin. This type of organization may have negated rater bias by reducing the potential influence of one twin's rating on his or her co-twin more so than asking the rater to fill out each item for both twins simultaneously.
The predominant influences for the Shift, Initiate, Plan/Organize, Monitor, SelfMonitor, and Organize scales were additive genetic and specific environmental (AE model). These results are consistent with previous literature on performance-based measures of executive functioning which indicated negligible shared environmental influences (Friedman et al., 2008; Malone & Iacono, 2002) and provide evidence that the BRIEF scales show similar aetiological architecture as performance-based measures.
Influences for Emotional Control were limited to shared and non-shared environmental effects. A previous genetically sensitive examination has found evidence that shared and non-shared environment are the primary influences on negative emotionality (Neiss, Stevenson, Legrand, Iacono, & Sedikides, 2009 ) and, phenotypically, there is evidence that deficits in the home environment can negatively impact the development of emotionality and emotional control, consistent with the current results (Rekart, Mineka, Zinbarg, & Griffith, 2007) .
The differences in the relative influence of genetic and environmental influences across BRIEF scales present some challenges for testing genetically sensitive models of the BRIEF's phenotypic structure. The 9-scale, 2-factor structure favoured in the present CFA results could not be examined using twin data alone as A, C, D, and E cannot be modelled simultaneously with only twin data, and all of these factors were important to at least one BRIEF scale. Users of the BRIEF can utilize higher order factors such as the BRI or the MI, but users should bear in mind that the scales that comprise the given index may not stem from the same aetiological influences.
It is important to consider the limitations of the current study when interpreting its findings. The large age range of the sample may have resulted in age-related differences on performance across the BRIEF subscales. In previous studies, executive functioning skills have been found to increase throughout childhood and adolescence (Huizinga, Dolan, & van der Molen, 2006; Huizinga & Smidts, 2010) . Additionally, an investigation of the factor structure of executive functioning has produced results indicating that the factor structure remains invariant across ages 5-18 (Huizinga et al., 2006) , suggesting that the increase in executive functioning skills during childhood and adolescence may not directly impact the subcomponent arrangement. However, the current sample was not large enough to divide into age bands and test for potential age-related differences, specifically. Therefore, the data were age-corrected for the present analyses. Future investigations of the factor structure and the aetiology of the BRIEF may benefit from looking across age bands where possible. Additionally, values <.08 are preferred for RMSEA statistics; however, the estimated RMSEA value within the best-fitting model was .09 (CI: .07-.10), suggesting that although this model best represented the current data, the overall model fit was not ideal. Moreover, the confidence interval around this RMSEA value fell below .08, indicating that the estimated value should be interpreted cautiously. With only one rater for the measure, the b effects could not be established as either rater bias or contrast effects; therefore, it is unclear which of these was driving the low DZ female correlations for some of the scales. Items on the BRIEF are mixed (i.e., not grouped by scale), and the correlations for DZ twins were not low for all scales, suggesting measurement error or rater bias is less likely. A future direction will be to investigate the reliability of variance across different time points of the BRIEF administration once additional rounds of survey data have been collected. The present investigation included ratings from the parents of the twins. Alternatively, teachers could have been chosen to rate the twins on this measure as they have knowledge and insight into how their students behave in classroom settings for several hours during the day. However, having the parent rate the behaviour of the twins allowed us to also obtain ratings on the home environment, which was necessary for addressing major aims of the broader study on reading. Future investigations can benefit from including two sets of raters (both parents and teachers) which will allow for clearer establishment of whether rater bias or contrast effects are present. The present examination provided evidence that a 9-scale, 3-factor model best represents the BRIEF structure within a non-clinical sample, suggesting that this may be a more optimal structure to use than the one provided in the manual for the measure. This study provides the first evidence of the aetiological factors that underlie individual differences in BRIEF scores. Understanding the aetiological influences on subscales of the BRIEF has important implications for knowing not just what skills are being measured, but how these skills are being impacted. Differences and similarities in the aetiological influences across subscales can be taken into consideration when developing interventions targeted to skills measured by the BRIEF, particularly for groups performing at atypical levels. Furthermore, the fact that the BRIEF shows similar types of aetiological influences on its scales as performance-based measures of executive function provides additional confidence in this measure of 'everyday' executive function.
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